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The Rhadinovirus genus of gamma-2-herpesviruses is divided 
into 2 subgroups, RV1 and RV2, based on genomic sequence com-
parisons.36,44 Rhadinovirus infections are generally subclinical in 
immunocompetent natural hosts, and overt disease is thought to 
arise only when hosts are immunocompromised.28 In addition, 
the ability to establish both lytic and latent infections, a hallmark 
of the Herpesviridae family, occurs during rhadinovirus infec-
tions.1,43 The RV1 subgroup includes Kaposi sarcoma-associated 
herpesvirus (KSHV; also referred to as human herpesvirus 8)12,32 
the causative agent of Kaposi sarcoma, an angioproliferative le-
sion composed of a mixed population of endothelial, inflamma-
tory and spindle cells.19,24 Furthermore, KSHV has been linked 
etiologically to 2 different B-cell lymphomas: primary effusion 
lymphoma and multicentric Castleman disease.17 Retroperito-
neal fibromatosis herpesvirus (RFHV) is also a member of the 
RV1 subgroup and is thought to be the macaque homolog of 
KSHV.4,8,14,36,37,40 DNA sequences specific for RFHV have been 
detected in retroperitoneal fibromatosis in macaques coinfected 

with the potentially immunosuppressive simian betaretrovirus 
type 2.7 Histologic similarities between retroperitoneal fibroma-
tosis and KS lesions seen in humans coinfected with KSHV and 
HIV have been previously described.7,9,21,37 During outbreaks of 
simian betaretrovirus type 2 disease at 2 national primate research 
centers in the 1980s, the incidence of retroperitoneal fibromatosis 
was reported to be 5% to 7% for animals younger than 2 y and 1% 
across all age groups.7,37,45 Since the end of these outbreaks in the 
late 1980s, retroperitoneal fibromatosis has occurred only rarely 
in primate colonies. The majority of published RFHV studies 
have focused on animals with recognized retroperitoneal fibro-
matosis lesions.9-11 However, RFHV has proven extremely difficult 
to isolate and, to date, has not been propagated successfully in 
vitro, and only a small portion of the RFHV genome has been 
sequenced.36,37,40,44 In this study we determined the prevalence 
of RFHV infection in nondiseased animals and address aspects 
of the natural history of this virus infection in captive macaque 
populations.

Rhesus rhadinovirus (RRV) is a member of the RV2 subgroup, 
which naturally infects rhesus macaques.15,38,44 RRV was isolated 
independently at 2 national primate research centers in the late 
1990s from rhesus macaques.15,42 Both RRV isolates were shown 
to have noteworthy sequence similarity to KSHV and RFHV.2,8,15,42 
Unlike RFHV, RRV can be propagated readily in vitro, thus fa-
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RRV and RFHV prevalence in captive macaque populations have 
been published, we used a default estimate of 50% prevalence, 
which yields the largest calculated sample size for each corral. In 
addition, a correction for small sample populations (fewer than 
120 subjects) was performed as part of the sample size calcula-
tion.39 At the time of sampling, the total populations of corrals 8, 
13, and 15 were 154, 100, and 37 animals respectively. By using the 
small-population correction, the appropriate sampling intervals 
(that is, every kth animal on the list) were calculated to be 4 (corral 
8), 3 (corral 13), and 2 (corral 15). According to this sampling de-
sign, a total of 39 animals were sampled from corral 8, 33 animals 
were sampled from corral 13, and 18 animals were sampled from 
corral 15. Each of the 3 corrals were sampled independently. All 
conventional breeding corrals are maintained by using identi-
cal management and husbandry practices, thereby allowing the 
findings of this study to be applied to all conventional breeding 
corrals at CNPRC.

Samples. Samples used in this study consisted of 3 mL heparin-
ized blood and saliva swabs collected from each animal. Blood 
samples were collected into vacuum phlebotomy tubes containing 
heparin (catalog no. 367961, BD, Franklin Lakes, NJ). Saliva was 
collected by using swabs (catalog no. GD-1000, Salivary Diagnos-
tic Systems, Brooklyn, NY). Blood samples were centrifuged in a 
standard tabletop centrifuge at approximately 1000 × g for 15 min; 
plasma was removed, aliquoted, and stored at –20 °C for future 
antibody testing. DNA was extracted from 200 µL of each saliva 
and buffy-coat sample by using spin columns (catalog no. 159914, 
Generation Capture Kit, Qiagen, Valencia, CA).

Determination of cell copy number. Cell copy number was 
determined by using the housekeeping gene oncostatin M 
(OSM).10,29 Because OSM is a diploid gene, real-time PCR could 
be used for determination of cell number, and a previously pub-
lished method10 was adapted for use on the TaqMan platform 
(Applied Biosystems, Foster City, CA). Briefly, DNA from both 
saliva and buffy-coat samples were tested by using the previously 
published forward (5′ CCT CGG GCT CAG GAA CAA C 3′) and 
reverse (5′ GGC CTT CGT GGG CTC AG 3′) primers and the Taq-
Man probe (5′ VIC–TAC TGC ATG GCC CAG CTG CTG GAC 
AA–MGB–NFQ 3′) labeled with the fluorescent reporter dye VIC 
and the nonfluorescent quencher MGB (Applied Biosystems, Fos-
ter City, CA).10 Each reaction (volume, 50 µL) contained 0.25 µL of 
each primer (10 µM), 1 µL of 5µM probe, 25 µL TaqMan Universal 
master mix(catalog no. 4304437, Applied Biosystems), 7 µL 1× TE 
buffer, and 15 µL template DNA (approximately 30 ng/µL). Ther-
mocycling conditions consisted of 55 cycles at 50 °C for 2 min, 
95 °C for 10 min, 95 °C for 15 s, and 62 °C for 1 min. A plasmid 
containing the OSM amplicon was diluted in 1× TE and was used 
to generate a standard curve with an R2 value of 0.9664 (Figure 1A). 
A relative quantification was performed in which the number of 
viral (RRV or RFHV) genome copies was divided by the number 
of cellular genomes (that is, copies of OSM) detected to obtain the 
number of genome equivalents (GE). By using serial dilutions of 
plasmid, the detection limit of the real-time PCR assay was deter-
mined to be between 10 and 100 copies, with a dynamic range of 
106 to 10 copies in a 50-µL reaction. Samples were tested in dupli-
cate, and the cycle threshold values obtained were averaged to 
determine the cell number tested. Once determined, the number 
of cells was compared with the calculated virus copy number by 
using the specific viral standard curve to allow for the calculation 
of the GE or viral genome copies per number of cells tested in 

cilitating studies of the lytic replication cycle.5,6,16 Experimental 
coinfection of rhesus macaques with SIV and RRV resulted in 
a lymphoproliferative disease resembling multicentric Castle-
man disease, but variations in disease outcome between the 2 
RRV isolates were noted.30,49 More recently, RRV has been shown 
to be associated with nonHodgkin lymphoma and retroperito-
neal fibromatosis in SIV-infected rhesus macaques.34 Therefore, 
RRV infection in macaques is a highly useful animal model for 
the study of KSHV infection in humans, including studies of vi-
ral pathogenesis, factors affecting prevalence of infection, viral 
shedding, and transmission.2,25,31,42 In addition, RRV is a persis-
tent virus targeted for elimination in some specific pathogen free 
(SPF) macaque breeding populations. A better understanding 
of the natural history of RRV and RFHV infections will lead to 
improved characterization of host–virus interactions, contribute 
to the refinement of these nonhuman primate models, and allow 
more efficient management of SPF colonies.

Here we report estimates of the prevalence of viremia and oral 
shedding of RRV and RFHV in large age-structured breeding 
colonies of rhesus macaques. Both viruses were highly endemic 
in the breeding populations we tested, and coinfection with both 
viruses was common.

Materials and Methods
Animals. The California National Primate Research Center 

(CNPRC) currently maintains 14 half-acre conventional breed-
ing corrals each housing 80 to 120 nonSPF rhesus macaques in 
large social groups. Other similar corrals housing SPF rhesus 
macaque breeding groups were not included in this study. All 
monkeys housed in breeding corrals are examined every 3 mo, 
at which time animals are given a physical exam, weighed, and 
skin-tested for tuberculosis, and new offspring are tattooed with 
a unique animal identification number. An extensive database, 
accessible by animal identification number, is maintained for all 
animals at the CNPRC and contains diverse physical and bio-
logic information, including date of birth, gender, current and 
previous housing locations, pedigree and genetic profile, clinical 
data, and immunization records. Animals included in the present 
study were selected by applying a systematic sampling method to 
sampling frames generated from the primate center database and 
containing a list of all animals in 3 different corrals. Collection of 
heparinized blood and saliva samples was incorporated into the 
quarterly routine examination process for the completion of this 
study. The CNPRC is fully AAALAC-accredited. All animals are 
maintained in accordance with the recommendations of the Guide 
for the Care and Use of Laboratory Animals and the Animal Welfare 
Act. Sample collection procedures were performed according to a 
protocol approved by our institutional animal care and use com-
mittee.23

Sampling scheme. Corrals 8, 13, and 15 were chosen at random 
from among the 14 available for inclusion in this study. These 
breeding corrals are established as closed populations. Adjacent 
corrals (for example, 13 and 15) are separated by 75 ft. Corral 8 is 
located in a separate row of enclosures more than 100 yards from 
the other sampled corrals. By using the CNPRC database, a list of 
animal identification numbers, ordered by date of birth, was gen-
erated for each corral. Systematic sampling methods were used to 
calculate the number of animals to be sampled from each of the 
3 corrals to estimate the true prevalence of RRV and RFHV with 
an error bound of 10%.39 Because no previous statistical studies of 
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all of the blood samples. Because much of the virus detected in 
the saliva samples is cell-free, GE values for saliva samples were 
calculated as number of viral genome copies per volume tested. 
Given the constraints of the assay system used, we cannot deter-
mine the number of infectious virions in each sample.

RFHV PCR. We used the Applied Biosystems 7900 TaqMan 
platform to amplify RFHV DNA sequences through real-time 
PCR. DNA samples from buffy coat and saliva were tested for 
the presence of RFHV orf7–8 junction sequences as previously 
described.9 Briefly, 50-µL reactions contained 1 µL (50 µM) each 
forward (5′ TTA AAG ACA TCT ACG CCC TCC 3′) and reverse 
(5′ GCC ACC AGG ACG CAG AGC AG 3′) primers and 10 µM 
probe (5′ FAM– TCA CCT TCA GCT CGG CGA CCA CAA T–
TAMARA 3′) labeled with the fluorescent reporter dye FAM and 
the quencher TAMARA; 25 µL TaqMan Gene Expression master 
mix (catalog no. 4370048, Applied Biosystems); 12 µL 1× TE buf-
fer; and 10 µL template DNA (approximately 30 ng/µL) . Ther-
mocylcing conditions consisted of 55 cycles of 50 °C for 2 min, 
95 °C for 1 min, 95 °C for 15 s, 62 °C for 30 s and 72 °C for 1 min. 
A plasmid containing the specific RFHV amplicon for this assay 
was diluted in RFHV-negative monkey DNA to generate a stan-
dard curve with an R2 value of 0.9944 (Figure 1 B); the lower limit 
of detection of the real time PCR assay thus was determined to be 
between 10 and 100 copies in a 50-µL reaction. All samples were 
initially tested in duplicate for the detection of RFHV DNA. Sam-
ples with discrepant results were repeated in duplicate. Samples 
were considered positive for RFHV DNA if they tested positive 
on the initial 2 tests; samples that amplified once, twice, or 3 times 
in 4 tests were interpreted as indeterminate. Samples that showed 
no amplification in the initial 2 tests were interpreted as negative 
for RFHV DNA.

RRV PCR. Like RFHV, RRV DNA sequences were evaluated by 
using the Applied Biosystems 7900 real-time PCR TaqMan plat-
form. DNA samples from buffy coat and saliva were tested for 
the presence of the RRV DNA polymerase gene: forward prim-
er, 5′ TTT AAC CGG CTA TAA CAT CTC AAA CTT 3′; reverse 
primer, 5′ CCG GTT TTT ATT TTT GTG TAT TCG T 3′; and probe, 
5′ FAM– CGA TCT CCC GTA CCT AAT –MGB-NFQ 3′ labeled 
with the fluorescent reporter dye FAM and the nonfluorescent 
quencher MGB.5,42 Each 50-µL reaction contained 1 µL each of 
20 µM forward primer, reverse primer, and probe; 25 µL TaqMan 
universal master mix (catalog no. 4304437, Applied Biosystems); 
2 µL 1× TE buffer; and 20 µL template DNA (approximately 30 
ng/µL). Thermocycling conditions consisted of 55 cycles of 50 
°C for 2 min, 95 °C for 10 min, 95 °C for 15 s, and 60 °C for 1 min. 
This real-time PCR assay was standardized by using a plasmid 
containing the RRV polymerase gene diluted in a background of 
RRV-negative monkey DNA to generate a standard curve with 
an R2 value of 0.9972 (Figure 1 C). By using serial dilutions of the 
plasmid, the detection limit of the real-time PCR assay was de-
termined to be between 10 and 100 copies in a 50-µL reaction. All 
DNA samples initially were run in duplicate for the detection of 
RRV polymerase gene. Samples with discrepant results between 
the initial 2 duplicate tests were repeated in duplicate. Samples 
were considered positive for RRV DNA if they tested positive on 
the initial 2 tests, samples that amplified once, twice, or 3 times in 
4 tests were considered indeterminate, and samples that showed 
no amplification in duplicate were considered negative for RRV 
DNA.

Figure 1. Standard curves of real-time PCR assays for the detection of 
(A) OSM, (B) RFHV, and (C) RRV. CT, cycle threshold. The number of 
plasmids tested is shown on the x axis.
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coinfection outcomes by using STATA 9.2.26 The t test for popula-
tions with unpaired and unequal variances was used to compare 
the copy number values between RRV and RFHV in both blood 
and saliva in STATA 9.2. The nonparametric one-way analysis of 
variance was performed using SAS 9.1 to determine the signifi-
cance of age group as a predictor for viral copy number.

Results
The distribution by age and gender of all rhesus macaques in 

the current study is summarized in Table 1.
All blood and saliva samples were tested by all 3 real-time 

PCR assays for the detection of DNA sequences corresponding 
to OSM, RFHV, and RRV. All samples were positive for OSM se-
quences, allowing for determination of the number of cells tested 
in each assay. Of the 90 animals sampled, 73 (81%) were PCR-
positive for RRV; RRV-specific DNA was detected only in blood in 
22 (24%), only in saliva in 15 (16%), and in both blood and saliva 
in 36 (40%) macaques. The prevalence of RRV-specific DNA de-
tection was significantly (P = 0.001; Fisher exact probability test) 
higher in animals younger than 2 y compared with animals 3 y or 
older (age groups 1 and 2 compared to age groups 4 through 6). 
Of the 90 animals tested, 40 (44%) carried RFHV-specific DNA; 
RFHV-specific DNA was detected only in blood in 5 (6%), only 
in saliva in 26 (29%), and in both blood and saliva in 9 (10%) of 
the tested macaques. Combining all age groups, the proportion 
of animals PCR-positive for RRV (81%) is significantly greater 
than that of animals PCR-positive for RFHV (40%; P < 0.0001; 
Cochran Q). Among macaques younger than 3 y, none were PCR-
positive for RFHV alone, whereas positivity for RRV alone was 
detected in 25 (48%) of the macaques tested (P < 0.0001; Cochran 
Q). For all animals younger than 3 y, the proportion of macaques 
PCR-positive for both RRV and RFHV was significantly lower 
than that of animals PCR-positive for RRV (regardless of RFHV 
status) (P < 0.0001; Cochran Q). No significant differences in these 
proportions were found for animals 3 y or older (age groups 4 
through 6). Coinfection with both RRV and RFHV was detected 
in 38 (42%) of macaques tested (Figure 2).

Of 90 animals sampled for this cross-sectional survey, 88 (98%) 
had detectable antibody reactivity in the rhadinovirus immuno-
fluorescent assay (Table 2). Samples from 2 animals from 1 corral 
(corral 8) showed equivocal or weak reactivity that was not repro-
ducible on repeat testing; these results were considered indeter-
minate. The high prevalence of rhadinovirus antibody reactivity 
in the immunofluorescent assay was unexpected and led us to 
test additional animals for confirmation of testing accuracy.

Two additional corrals of different SPF levels (1 and 2) were 
sampled to confirm the immunofluorescent assay results. Once 
each quarter, SPF level 1 animals are screened for 4 specific patho-
gens (simian betaretrovirus, SIV, simian T-cell leukemia virus, and 
B virus), and SPF level 2 animals are screened for 7 specific patho-
gens (simian betaretrovirus, SIV, simian T-cell leukemia virus, 
simian foamy virus, rhesus cytomegalovirus, RRV, and B virus). 
To obtain comparable samples from these 2 additional corrals, 
we applied the same systematic sampling method as described 
earlier. All 31 animals screened by the immunofluorescent assay 
from SPF level 2 were negative for rhadinovirus antibodies, as 
expected. Of the 43 animals from SPF level 1 tested, 17 (40%) were 
positive, 12 (28%) were indeterminate, and 14 (33%) were nega-
tive for rhadinovirus antibodies (Table 2). We randomly selected 
6 samples (2 from each corral) that were positive by immunofluo-

Amplified products from both RRV and RFHV real-time PCR 
assays sent to Qiagen Genomic Services (Hilden, Germany) for 
single-read sequencing confirmed the specificity of both PCR 
reactions (data not shown). Samples from each corral were se-
quenced to control for any variation among corrals.

Immunofluorescent assay. Plasma samples were tested for the 
presence of rhadinovirus antibodies by using an immunofluo-
rescent assay as previously described.6,20,22,27 Briefly, telomerized 
rhesus fibroblasts were grown and infected on 16-well cham-
ber slides. Cells were plated on slides at a concentration of 5.4 × 
104cells/well in 200 µL media; 100 µL infectious RRV supernatant 
was added to 8 of the wells, whereas the other 8 wells received 
100 µL uninfectious media to serve as uninfected cell controls. 
Cells were allowed to reach confluence (approximately 3 d) and 
fixed in acetone. RRV-positive and negative-plasma were run as 
controls during each assay. All immunofluorescent assays were 
evaluated independently by 2 readers blinded to sample iden-
tification and PCR status. Any samples that gave discrepant 
results were repeated in duplicate and rescored by the same 2 
readers. Both antibody negative and antibody positive plasma 
samples were tested on infected and uninfected cells as controls. 
Plasma samples were considered antibody-positive when they 
yielded at least 1 fluorescing cell per field (magnification, 400×) 
and fluorescence was greater than that in the uninfected-cell and 
negative-plasma controls. For plasma to be considered immun-
ofluorescent-assay–negative, fluorescence had to be no greater 
than that in the uninfected-cell and negative-plasma controls. 
Plasma samples yielding results that were weakly positive or not 
repeatable were interpreted as indeterminate.

Western blot. Rhesus rhadinovirus strain 17577 was purified 
essentially as described.49 Purified virus was solubilized in RIPA 
buffer with protease inhibitors and the protein concentration was 
determined by Bradford analysis. Approximately 25 µg protein 
was resolved on a denaturing 10% polyacrylamide gel and trans-
ferred to a nylon membrane. The membrane was rinsed in TBST 
(8% NaCl, 3% Tris, 0.2% KCl, 0.1% Tween 20, pH 7.6), soaked in 
TBST supplemented with 5% nonfat milk for 1 h at room tem-
perature to block nonspecific binding sites and then incubated 
with serum samples (diluted 1:100 in fresh TBST with 5% nonfat 
milk) overnight at 4 °C. The samples were removed the following 
day, and the membrane was washed extensively in TBST buffer. 
The membrane was incubated with secondary antibody, goat an-
tirhesus IgG conjugated with horseradish peroxidase (Southern 
Biotech, Birmingham, AL) diluted 1:8000 in TBST with 5% nonfat 
milk, for 1 h at room temperature and proteins detected by chemi-
luminescence. A set of 6 randomly selected immunofluorescence-
positive samples (2 from each corral) as well as 6 SPF samples 
were run on an RRV-specific Western blot to confirm reaction to 
specific viral proteins.

Statistical analysis. The proportions of RRV- and RFHV-posi-
tive animals in each corral were compared to determine whether 
housing location was a significant determinant of prevalence for 
either virus. The 95% confidence intervals for the proportions of 
RRV and RFHV evaluated overlapped between cages, indicat-
ing that location was not a significant factor and that all animals 
could be evaluated as a single group. Results regarding distri-
bution of animals by age and gender were statistically analyzed 
to determine which covariates are most influential in RRV and 
RFHV prevalence. The Cochran Q test was used to assess equality 
of proportions in matched samples to compare RRV, RFHV, and 
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Western blot and showed no reactivity to rhadinovirus-specific 
proteins (Figure 3).

The mean RRV GE in blood was significantly higher than that 
for RFHV (P = 0.0003; t test). The mean GE for RRV in saliva did 
not differ significantly from the RFHV salivary GE (P = 0.0572; 
t test). No significant differences in GE were present between 
animals PCR-positive for only 1 virus (RRV or RFHV) compared 
with animals PCR-positive for both viruses in either blood or sa-
liva. Age was a significant predictor of RRV blood GE (P = 0.0276; 
nonparametric 1-way ANOVA) and RFHV saliva GE (P = 0.0343; 
nonparametric 1-way ANOVA), with younger animals having 
higher GE. However, because of the small numbers of animals 
in each of these age groups, the statistical power was too low for 
pairwise testing.

Discussion
Our results indicate that both RRV and RFHV are highly en-

demic in socially housed rhesus macaques, with RRV approxi-
mately twice as prevalent as RFHV. Shedding of both viruses in 
oral secretions is common, and infection occurs at an early age in 
a pattern similar to that observed for the betaherpesvirus rhesus 
cytomegalovirus.46 Younger animals had a higher proportion of 
PCR positives for both viruses and RRV alone than for RFHV 
alone. Significant differences in the prevalence of RRV and RFHV 
were not noted in animals older than 3 y. The increased number 
of infections and younger age at which animals became infected 
suggests a higher transmission efficiency for RRV compared with 
RFHV. The increased GE of RRV in saliva may contribute to the 
increased transmission efficiency.

Our results confirm that infection with RFHV is common in 
breeding colonies of rhesus macaques, in which RF disease is rare 
or absent. Although not sufficient for disease, KSHV is a neces-
sary factor for development of KS,41 and the finding of RFHV 
without RF in the absence of immunosuppressive cofactors in-
dicates a similar pathogenesis for these 2 closely related viruses. 
Similar findings were obtained in serologic studies on 178 healthy 
baboons, which exhibited serologic reactivity to both RV1 (41.5%) 
and RV2 (68.5%) antigens.48 Despite high levels of antibody reac-
tivity and detectable viral load in peripheral mononuclear cells, 
the baboons lacked overt clinical signs of disease.47 As with our 
study in macaques, antibody cross-reactivity between the RV1 
and RV2 antigens in baboons confounded type-specific estimates 
of prevalence.

The GE (viral copy numbers) calculated in our macaque study 
highlight important areas for further investigation of both RRV 

rescent assay for Western blot testing, which confirmed that the 
reactivity detected in the rhadinovirus immunofluorescent assay 
was against specific rhadinovirus proteins and was not nonspe-
cific reactivity. In addition, 6 SPF level 2 samples were tested by 

Table 1. Distribution by age and gender of 90 rhesus macaques ran-
domly selected for sampling from 3 outdoor breeding corrals

Age group (y) Gender

Corral

NC8 NC13 NC15 Total

0 to <1.6 Female 4 2 1 16
Male 1 3 5

1.6 to <2 Female 3 12 0 23
Male 0 8 0

2 to <3 Female 5 3 0 13
Male 1 2 2

3 to <5 Female 3 1 1 11
Male 5 1 0

5 to <9 Female 7 0 4 13
Male 2 0 0

9 to <25 Female 8 0 5 14
Male 0 1 0

Total 39 33 18 90

Figure 2. Real-time PCR results for RRV and RFHV by age group in (A) 
saliva and (B) blood.

Table 2. Rhadinovirus immunofluorescent assay results

No. tested
No. (%) 
positive

No. (%) inde-
terminate

No. (%) 
negative

No. of study samples 90 88 (98) 2 (2) 0 (0)
No. of negative 
controls

2 0 (0) 0 (0) 2 (100)

No. of positive con-
trols

1 1 (100) 0 (0) 0 (0)

No. samples from SPF 
level 1 animals

43 17 (40) 12 (28) 14 (33)

No. of samples from 
SPF level 2 animals

31 0 (0) 0 (0) 31 (100)

Total 167 106 (63) 14 (8) 47 (28)
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assay showed reactivity to specific viral proteins in the Western 
blot assay. Discordant serologic results for the detection of KSHV 
antibodies limits the use of current serologic testing for diagnostic 
purposes and highlights the need for improvement of rhadinovi-
rus antibody testing.33,47 Development of improved antibody tests 
for RRV and RFHV is underway in our laboratory.

Our results indicate that both RRV and RFHV are shed in oral 
secretions, consistent with findings for KSHV,3,18 which is often 
found at higher copy numbers in saliva than blood. In addition, 
oral shedding of virus is thought to be the main route of transmis-
sion of KSHV in endemic regions (for example, equatorial Africa), 
where KSHV infection is more common in women and children 
than in men.3,35 The high prevalence of RFHV and RRV in young 
animals in our study is comparable to levels of KSHV infection in 
endemic regions (36% to 100%).13,18 Close physical contact result-
ing from normal nonhuman primate group behavior including 
grooming and aggressive interactions may be significant determi-
nants of transmission for both rhadinoviruses. Future prospective 
cohort studies will be required to determine whether viral shed-
ding in oral secretions is intermittent and to identify environmen-
tal or seasonal influences on shedding frequency.

and RFHV. Because the current study used samples from only a 
single time point, we could not assess changes in shedding fre-
quency and GE over time. Extended prospective follow-up of 
animals over time are underway and will allow analysis of tem-
porally associated variables.

Our immunofluorescent assay was useful for detecting rhadi-
novirus-specific antibody, but antigenic crossreactivity precluded 
differentiation of RRV- and RFHV-specific antibodies. No animals 
were negative for rhadinovirus antibody. The 2 animals with in-
determinate antibody results (ages, 15 y and 7 mo; both female) 
were both PCR-negative for viral sequences in blood and saliva. 
The unexpectedly high number of positive results (that is, no neg-
ative animals) from the rhadinovirus immunofluorescent assay 
prompted us to test specific-pathogen–free animals to validate the 
immunofluorescent assay. Level 2 SPF animals, which are repeat-
edly test-negative for RRV and RFHV in blood, were universally 
negative by immunofluorescent assay. Level 1 SPF animals, which 
are not specifically tested for RRV and RFHV but which are de-
rived in a similar fashion to Level 2 animals, showed intermediate 
rhadinovirus seroprevalence in the immunofluorescent assay. 
All 6 random samples that were positive by immunofluorescent 

Figure 3. Western blot results to confirm specificity of immunofluorescent assay. Random samples positive by immunofluorescent assay (numbers 1 
and 2 from corral 8, 3 and 4 from corral 13, and 5 and 6 from corral 15) and samples from SPF level 2 animals (numbers 7 through 12) were included. The 
positive-control sample was from an animal experimentally inoculated with RRV17577, and the negative control was from an SPF animal. Exposure 
times of 2.5 min (left panels) and 5 min (right panels) were used; and molecular weight standards (kDa) are shown at the far left of each panel. The 
presence of a band at 36 kDa indicates a positive result.
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D. 1996. The seroepidemiology of human herpesvirus 8 (Kaposi’s 
sarcoma-associated herpesvirus): distribution of infection in KS risk 
groups and evidence for sexual transmission. Nat Med 2:918–924. 
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use of unimodal and bimodal communication by chimpanzees, Pan 
troglodytes. Anim Behav 67:467–476. 

 27. Lennette ET, Blackbourn DJ, Levy JA. 1996. Antibodies to human 
herpesvirus type 8 in the general population and in Kaposi’s sarcoma 
patients. Lancet 348:858–861. 

 28. Lerche NW. 2005. Common viral infections of laboratory primates. 
In: Wolfe-Coote S, editor. The laboratory primate. London (UK): 
Elsevier Academic Press. p 75–89.

 29. Malik N, Kallestad JC, Gunderson NL, Austin SD, Neubauer MG, 
Ochs V, Marquardt H, Zarling JM, Shoyab M, Wei CM, Linsley PS, 
Rose TM. 1989. Molecular cloning, sequence analysis, and functional 
expression of a novel growth regulator, oncostatin M. Mol Cell Biol 
9:2847–2853.

 30. Mansfield KG, Westmoreland SV, DeBakker CD, Czajak S, Lack-
ner AA, Desrosiers RC. 1999. Experimental infection of rhesus 
and pig-tailed macaques with macaque rhadinoviruses. J Virol 
73:10320–10328.

 31. Mayama S, Cuevas LE, Sheldon J, Omar OH, Smith DH, Okong 
P, Silvel B, Hart CA, Schulz TF. 1998. Prevalence and transmission 
of Kaposi’s sarcoma-associated herpesvirus (human herpesvirus 8) 
in Ugandan children and adolescents. Int J Cancer 77:817–820. 

 32. Moore PS, Gao SJ, Dominguez G, Cesarman E, Lungu O, Knowles 
DM, Garber R, Pellett PE, McGeoch DJ, Chang Y. 1996. Primary 
characterization of a herpesvirus agent associated with Kaposi’s 
sarcomae. J Virol 70:549–558.

 33. Nascimento MC, de Souza VA, Sumita LM, Freire W, Munoz F, 
Kim J, Pannuti CS, Mayaud P. 2007. Comparative study of Kaposi’s 
sarcoma-associated herpesvirus serological assays using clinically 
and serologically defined reference standards and latent class analy-
sis. J Clin Microbiol 45:715–720. 

Coinfection with 2 closely related gamma-2-herpesviruses is 
common in socially housed rhesus macaques and had not been 
reported previously. The significance of dual infection with RRV 
and RFHV in the development of macaque models of human 
KSHV infection requires further investigation.
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